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Detecting a leak, or the like, with high accuracy on the basis
of pressure and a flow volume acquired during use of fluid is
made possible.

A volume of gas flowing through a flow path 102 is measured
by a flow volume measurement unit 106, and pressure is
measured by a pressure measurement unit 108. Measured
flow data and measured pressure data are input to an analysis
unit 112, to thus analyze following of a pressure change by a
flow volume change. An amount of flow volume change
responsive to an amount of pressure change of a predeter-
mined level or more is classified into a plurality of ranges by
means of a predetermined threshold value, and a following
flow value change is determined on the basis of determination
conditions of the respective ranges of amounts of flow volume
changes.
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FIG. 3a
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FIG. 3b

Pressure Change —e.g.
100Pa to 60Pa,= 40Pa
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FIG. 3¢
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FIG. 4
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FLOWMETER

PRIORITY

This application claims priority under 35 U.S.C. §119 to
PCT Application No. PCT/JP2009/000937, filed Mar. 2,
2009, which claims priority to Japanese Patent Application
No. 2008-058789 filed on Mar. 7, 2008, the entire content of
which is hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a flowmeter capable of
detecting a leak, or the like, on the basis of pressure and a flow
volume achieved during use of fluid.

BACKGROUND ART

In relation to a flowmeter that measures a volume of fluid
flow, such as gases, a device that detects a leak, or the like, on
the basis of a volume of fluid flow achieved during use of fluid
has hitherto been proposed for a safety function of effecting a
cutoff in the event of occurrence of a failure, such as a leak.
Another proposed device detects a flow volume and pressure
achieved during use of fluid and also detects a leak, or the like,
on the basis of the flow volume and pressure (see; for
instance, Patent Document 1).

The related-art example device has gas flow volume detec-
tion means, a gas pressure sensor, and gas pressure variation
means. When a large flow volume is detected or when a gas
appliance cannot be determined, gas supply pressure is
caused to fluctuate, and occurrence of changes in flow volume
corresponding to pressure fluctuations is detected, to thus
detect a leak, or the like.

Patent Document 1: JP-A-2003-149075

PROBLEM THAT THE INVENTION IS TO
SOLVE

The related-art example of Patent Document 1 discloses an
example for determining a flow volume and pressure by
means of a simple waveform, and there has been made an
alternative determination as to whether or not a change is
detected in the volume of gas flow. However, in an actual use
environment, changes in flow volume and pressure are com-
plicate. A contrivance that copes with complicate waveforms
has not been made in the related art, and a sufficient determi-
nation cannot be made on occasions. Moreover, when an
attempt is made to quantitatively determine changes in flow
volume corresponding to pressure fluctuations, a correlation
existing between a flow volume Q and pressure P is expressed
as P=aQ?. Since pressure is proportional to a square of flow
volume, square operation is required, which poses a problem
of an increase in operation load.

SUMMARY OF THE INVENTION

The present invention has been conceived in view of the
circumstance and aims at providing a flowmeter capable of
determining a leak, or the like, from pressure and a flow
volume achieved during use of fluid with high accuracy.

Means for Solving the Problem
A flowmeter of the present invention includes a flow mea-

surement unit that measures a volume of fluid flowing
through a flow path; a pressure measurement unit that mea-
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2

sures pressure of the fluid; an analysis unit that analyzes
following of a pressure change by a flow volume change by
inputting the measured flow data and the measured pressure
data, that classifies an amount of flow volume change respon-
sive to an amount of pressure change of a predetermined level
ormore into a plurality of ranges by means of'a predetermined
threshold value, and that determines a following flow volume
change according to determination conditions for the respec-
tive ranges of amounts of flow volume changes; and a pro-
cessing unit that performs corresponding processing accord-
ing to a result of analysis performed by the analysis unit.

It thereby becomes possible to determine a following flow
volume change with superior accuracy from a range of an
amount of flow volume change responsive to a pressure
change, whereby a leak, or the like, can be detected with high
accuracy. On this occasion, a magnitude correlation between
the amount of pressure change of a predetermined level or
more and the amount of flow volume change is determined,
thereby making it possible to cope with complicate flow
volume and pressure changes occurring in an actual use envi-
ronment. Thus, an accuracy of determination can be
enhanced.

The present invention also includes the flowmeter in which
the analysis unit determines that the following flow volume
change is detected when the amount of flow volume change is
a first threshold value or more; determines that the following
flow volume change is not detected when the amount of flow
volume change is equal to or below a second threshold value
that is smaller than the first threshold value; and determines
that the following flow volume change is uncertain when the
amount of flow volume change ranges between the first
threshold value and the second threshold value.

It thereby becomes possible to determine, from a range of
an amount of flow volume change, that a following flow
volume change exits, that a following flow volume change is
not detected, and that a following flow volume change is
uncertain, to thus detect a leak, or the like, with superior
accuracy.

The present invention also includes the flowmeter in which
the analysis unit determines the following flow volume
change from combinations of determination conditions based
on the ranges of amounts of flow volume changes.

Combinations of determination conditions based on the
ranges of amounts of flow volume changes are used for deter-
mining a flow volume change following a pressure change,
whereby an accuracy of determination can be enhanced fur-
ther.

The present invention also includes the flowmeter in which
the analysis unit determines the following flow volume
change from number of times an amount of flow volume
change is classified into a range of a specific amount of flow
volume change.

The number of times the amount of flow volume change is
classified into a range of a specific amount of flow volume
change is used in determining following of a pressure change
by a flow volume change, whereby the accuracy of a deter-
mination can be enhanced further.

The present invention also includes the flowmeter in which
the analysis unit determines the following flow volume
change from number of times the amount of flow volume
change is classified into a range of a specific amount of flow
volume change and combinations of the ranges.

The number of times an amount of flow volume change is
classified into a specific range of amounts of flow volume
changes and combinations of the ranges are used in determin-
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ing a flow volume change following a pressure change,
whereby an accuracy of determination can be increased fur-
ther.

The present invention also includes the flowmeter in which
the analysis unit determines the following flow volume
change in a predetermined determination period.

It thereby becomes possible to determine following of a
pressure change by a flow volume change in a predetermined
determination period with superior accuracy.

The present invention also includes the flowmeter in which
the analysis unit determines the following flow volume
change without setting a determination period and fixes the
determination of following flow volume change at a point in
time when a predetermined determination condition is ful-
filled.

It thereby becomes possible to determine, in an arbitrary
period, a following flow volume change with superior accu-
racy at a point in time when a predetermined determination
condition is fulfilled, according to an amount of flow volume
change responsive to a pressure change.

The present invention provides a flow volume measure-
ment method comprising: a flow volume measurement step of
measuring a volume of fluid flowing through a flow path by
means of a flowmeter; a pressure measurement step of mea-
suring pressure of the fluid by means of a barometer; an
analysis step of analyzing following of a pressure change by
a flow volume change by inputting the measured flow data
and the measured pressure data, classifying an amount of flow
volume change responsive to an amount of pressure change of
a predetermined level or more into a plurality of ranges by
means of a predetermined threshold value, and determining a
following flow volume change according to determination
conditions for the respective ranges of amounts of flow vol-
ume changes; and a processing step of performing corre-
sponding processing according to a result of analysis.

The present invention also provides a program for causing
a computer that controls a flowmeter to perform processing
pertaining to the steps. The present invention also provides a
fluid supply system using the flowmeter, the flow volume
measurement method, or the program.

Advantage of the Invention

The present invention can provide a flowmeter capable of
determining a leak, or the like, from pressure and a flow
volume achieved during use of fluid with high accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram showing a configuration of a gas
supply system including a flowmeter of an embodiment of the
present invention.

FIG. 2 is a flowchart showing processing procedures of
operation pertaining to detection of a gas leak from a gas
meter of the embodiment of the present invention.

FIG. 3 is a view showing an example determination show-
ing occurrence of a flow volume change following a pressure
change performed by use of sample data.

FIG. 4 is a view showing a different example method for
calculating an amount of flow volume change.

FIG. 5 is a view showing combinations of events used for
determining whether or not a following flow volume change
is detected, in connection with combinations of a pressure
change with a flow volume change.

FIG. 6 is a view for describing example methods for fixing
a following flow volume change.
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4
DESCRIPTIONS OF THE REFERENCE
NUMERALS

100 GAS METER

102 FLOW PATH

104 CUTOFF VALVE

106 FLOW VOLUME MEASUREMENT UNIT
108 PRESSURE MEASUREMENT UNIT
110 FLOW VOLUME COMPUTING UNIT
112 ANALYSIS UNIT

114 PROCESSING UNIT

120 STORAGE UNIT

122 DISPLAY UNIT

124 COMMUNICATION UNIT

151, 152, 153 GAS APPLIANCE

200 MONITORING CENTER

300 COMMUNICATION LINE

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1is ablock diagram showing a configuration of a gas
supply system including a flowmeter of an embodiment of the
present invention. The gas supply system of the present
embodiment has a gas meter 100 serving as a flowmeter and
a monitoring center 200 that performs monitoring of a safety
function relating to a gas supply, management of a state of use
achieved in an individual user, and others. The gas meter 100
is installed outside or inside of a building where gas appli-
ances are provided. The monitoring center 200 is an apparatus
that is installed in a management unit of a gas company, a
propane gas supplier, or a company relevant thereto and that
controls the gas meters 100 installed in individual buildings in
a centralized manner. The gas meters 100 and the monitoring
center 200 are connected to each other in a communicable
manner by way of a communication line 300, such as a
wireless communication line, a telephone line, the Internet,
and others, and can exchange various signals and data ther-
ebetween.

The individual gas meter 100 is connected to a flow path
102 supplied with gas. A cutoff valve 104, a flow volume
measurement unit 106, and a pressure measurement unit 108
are disposed in the flow path 102. The gas meter 100 is
equipped with a flow volume computing unit 110, an analysis
unit 112, a processing unit 114, a storage unit 120, a display
unit 122, and a communication unit 124. A function of the
flow volume computing unit 110, that of the analysis unit 112,
and that of the processing unit 114 are individually imple-
mented by means of an arithmetic processing unit including a
processor, such as a microcomputer, and memory.

One gas appliance or more various gas appliances 151, 152
and 153 such as a gas hot plate, a fan heater, a water heater,
and a fan heater, are connected to a downstream area of the
flow path of the gas meter 100. For instance, the gas appliance
151 is assumed to be a gas hot plate, or the like, not having a
governor that is a pressure regulator, and the gas appliance
152 is assumed to be a water heater having a governor.

The flow volume measurement unit 106 has a flowmeter
that meters a volume of gas flowing through the flow path 102
and is built from an ultrasonic flowmeter, or equivalent. An
example configuration for a case where an ultrasonic flow-
meter is used as the flow volume measurement unit 106 is
described in the embodiment. However, other various flow
volume measurement means, such as a fluidic meter, can also
be used, so long as the means can measure the volume of gas
flow at predetermined time intervals. The flow volume mea-
surement unit 106 lets an ultrasonic transmitter and an ultra-
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sonic receiver, which are disposed at an upstream position
and a downstream position along the flow path 102, alter-
nately transmit and receive an ultrasonic wave at a given time
interval (e.g., every two seconds, or the like) and determine a
difference between a propagation time of'a forward ultrasonic
wave and a propagation time of a backward ultrasonic wave
with respect to a flow of fluid, thereby determining flow speed
and flow volume of fluid to be measured from the propagation
time difference.

The flow volume computing unit 110 computes the volume
of gas flow used and a flow pattern corresponding to a time
consumed to measure the volume of gas flow, by use of a flow
volume measurement value output from the flow volume
measurement unit 106. Flow data pertaining to a flow volume,
such as a computed, integrated flow volume and a flow pat-
tern, and a time are output to the analysis unit 112. The
thus-computed flow data are transferred from the analysis
unit 112 to and stored in the storage unit 120 by way of the
processing unit 114.

The pressure measurement unit 108 has a barometer, such
as a pressure sensor, and measures gas pressure in the flow
path 102. Pressure data generated by the pressure measure-
ment unit 108 are output to the analysis unit 112. The thus-
acquired pressure data are further transferred from the analy-
sisunit 112 to and stored in the storage unit 120 by way of the
processing unit 114. In addition to storing the flow data and
the pressure data, the storage unit 120 can store various data.

The flow data and the pressure data generated through
measurement are input to the analysis unit 112, where the
flow data or a correlation between the flow data and the
pressure data is analyzed, to thus carry out determination
showing a gas appliance used, detection of a leak, and others.
The analysis unit 112 analyzes, as characteristic analysis
operation of the embodiment, the following of a pressure
change by a change in flow volume. The processing unit 114
performs corresponding processing on the basis of a result of
analysis performed by the analysis unit 112. Various practi-
cable processing operations include transmitting a report to
the monitoring center 200 performed by the communication
unit 124 at the time of detection of an anomaly, including a
gas leak; shutting off a gas supply performed by the cutoff
valve 104 at the time of detection of the anomaly; displaying
information, such as an analysis result, performed by the
display unit 122 at the time of detection of an anomaly and
under normal conditions; and storing the analysis result in the
storage unit 120; and others.

The communication unit 124 has a wired or wireless com-
munication function and establishes communication with the
monitoring center 200 by way of the communication line 300,
thereby transmitting and receiving a signal and data. The
display unit 122 has a display device, such as a liquid crystal
display panel, and displays various pieces of information
relevant to the gas meter.

Characteristic operation of a gas meter of the present
embodiment is now described in detail. FIG. 2 is a flowchart
showing processing procedures of operation pertaining to
detection of a gas leak from the gas meter of the embodiment
of the present invention.

First, the pressure measurement unit 108 measures pres-
sure of a gas supply in the flow path 102 and outputs pressure
data to the analysis unit 112 (step S11). The analysis unit 112
determines, from the input pressure data, whether or not there
is a pressure change (step S12). In step S12, when there is no
pressure change, processing waits for a predetermined inter-
val period (step S13) and then returns to step S11. Thus,
similar processing is repeated.
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When a pressure change is determined to be detected in
step S12, the analysis unit 112 subsequently determines
whether or not a pressure change is followed by a flow volume
change (step S14). In step S14, when the flow volume change
is determined to follow the pressure change, the analysis unit
112 further determines whether or not an appliance not hav-
ing a governor, such as a gas hot plate, is in operation (step
S15). When the appliance not having a governor is deter-
mined not to be in operation in step S15, occurrence of a gas
leak is determined, and a result of analysis of gas leak detec-
tion is output to the processing unit 114. The processing unit
114 performs processing 1 corresponding to detection of a
gas leak (step S16). Details of processing 1 include transmit-
ting a report to the monitoring center 200 performed by the
communication unit 124, shutting off the gas supply per-
formed by the cutoff valve 104, and others.

In step S15, when the appliance not having a governor is in
operation, the analysis unit 112 determines that the flow vol-
ume change is attributable to operation of the appliance not
having a governor and outputs to the processing unit 114 an
analysis result showing that the appliance not having a gov-
ernor is in operation. The processing unit 114 performs pro-
cessing 2 corresponding to the result showing that the appli-
ance not having a governor is in operation (step S17).
Specifics of processing 2 include displaying an operating
status of an appliance by the display unit 122, transmitting a
report to the monitoring center 200 by the communication
unit 124, and others.

First, in step S14, when it is uncertain whether or not a
following flow volume change is detected, the analysis unit
112 outputs to the processing unit 114 an analysis result
showing that a following flow volume change is uncertain.
The processing unit 114 performs processing 3 correspond-
ing to the result showing that a following flow volume change
is uncertain (step S18). Specifics of processing 3 include
transmitting a report to the monitoring center 200 by the
communication unit 124.

In step S14, when a following flow volume change is not
detected in the flow volume, the analysis unit 112 determines
that an appliance having a governor, such as a water heater, is
in operation, and outputs to the processing unit 114 a result of
analysis of the appliance having a governor (step S19). The
processing unit 114 performs processing 4 corresponding to
the result showing that the appliance having a governor is in
operation (step S20). Specifics of processing 4 include dis-
playing an operating state of an appliance by the display unit
122, transmitting a report to the monitoring center 200 by the
communication unit 124, and others.

Processing 2 to 4 include a case where the analysis result is
stored in only the storage unit 120, a case where nothing is
particularly performed, and others.

Next, analysis operation of the analysis unit 112 of the
embodiment is described in detail. In the embodiment, the
analysis unit 112 analyzes the following of a pressure change
by a flow volume change, on the basis of the flow data and the
pressure data. Further, according to a magnitude correlation
between an amount of pressure change of a predetermined
level or more and an amount of flow volume change, the
analysis unit makes and classifies a determination into three
categories; namely, a determination showing that “a follow-
ing flow volume change is detected,” a determination show-
ing that “a following flow volume change is not detected,” and
a determination showing that “a following flow volume
change is uncertain.”” Determination conditions for the three
categories are described below. First, when a pressure change
of a predetermined level or more has occurred and when a
flow volume change of a first threshold value or more follows
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the pressure change of the predetermined level or more, there
is made a determination showing that a following flow vol-
ume change is detected. When a condition for a determination
showing that a following flow volume change is detected is
not fulfilled, there is made either a determination showing
that a following flow volume change is not detected or that a
following flow volume change is uncertain. Next, when the
flow volume change following the pressure change of the
predetermined level or more is equal to or below a second
threshold value that is smaller than the first threshold, there is
made a determination showing that a following flow volume
change is not detected. When conditions for the determina-
tion showing that a following flow volume change is detected
and conditions for the determination showing that a following
flow volume change does not exit are not fulfilled; namely,
when the flow volume change following a pressure change of
a predetermined level or more is between the first threshold
value and the second threshold value, there is made a deter-
mination showing that a following flow volume change is
uncertain.

FIG. 3 is a view showing an example determination show-
ing a flow volume change following a pressure change per-
formed through use of sample data. In FIG. 3, FIG. 3(a)
shows a case of the category showing that a following flow
volume change is detected; FIG. 3(b) shows a case of the
category showing that a following flow volume change is not
detected; and FIG. 3(c) shows a case of the category showing
that a following flow volume change is uncertain. As shown in
FIG. 3(a), when a pressure change of a predetermined level or
more (a pressure decrease) is followed by a flow volume
change of a predetermined level or more (a decrease in flow
volume), a determination showing “a following flow volume
change is detected” is made. As shown in FIG. 3(6), when a
flow volume change following a pressure change of a prede-
termined level or more (a pressure decrease) is small, a deter-
mination showing that a following flow volume change is not
detected is made. As shown in FIG. 3(¢), when a flow volume
change (a decrease in flow volume) following a pressure
change of'a predetermined level or more (a pressure decrease)
is uncertain, a determination showing that a following flow
volume change is uncertain is made.

In addition to making a determination as to the following of
the pressure change by the flow volume change, the analysis
unit 112 makes an appliance determination as to a gas appli-
ance used, thereby determining that an appliance not having a
governor is in operation. The appliance determination as to
the gas appliance can be made by means of various methods.
For instance, the following methods are available.

First, an appliance is caused to start. Flow data, such as a
flow volume acquired at startup of the appliance, a flow vol-
ume acquired during maximum combustion, a flow volume
acquired during minimum combustion, a characteristic flow
volume change acquired when an amount of combustion is
controlled, and others, are stored as appliance-specific flow
data in the storage unit 120. Subsequently, when the appliance
is actually used, measured flow data and registered data are
compared with each other, thereby determining an appliance.
A check is then made as to whether or not a match is present
between the measured flow data and the registered data in
terms of a flow volume acquired at startup of the appliance;
whether or not flow volume acquired during use of the appli-
ance falls within a flow volume range from flow volume for
minimum combustion to flow volume for maximum combus-
tion; and whether or not a match is present between a flow
volume change acquired when the amount of combustion is
controlled and the registered characteristic; and the like,
whereby an appliance can be identified.
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FIG. 4 is a view showing a different example method for
computing a flow volume change. FIG. 4(a) shows example
computation based on a consecutive difference method, and
FIG. 4(b) shows example computation based on a standard
value difference method. As shown in FIG. 4(a), under the
consecutive difference method, flow volume differences
AQ1, AQ2, and AQ3 from a respective preceding flow volume
value are consecutively computed at every timing corre-
sponding to a pressure change, and an amount of change is
determined from the difference values. A shown in FIG. 4(b),
under the standard value difference method, a flow volume
value achieved at a certain point in time (e.g., a first flow
volume value achieved at timing of initiation of a determina-
tion) is taken as a standard value. Flow volume differences
Aql, Aq2, and Aq3 from the standard value are consecutively
computed at every timing corresponding to a pressure
change, thereby determining an amount of change from the
difference values. It is determined whether or not a following
flow volume change is detected, from the amount of flow
volume change computed by any one of the methods.

The analysis unit 112 makes a determination showing that
a following flow volume change is detected or a determina-
tion showing that a following flow volume change is not
detected, through analysis of the following of the pressure
change by the flow volume change, through use of any of the
different methods. In the present embodiment, a determina-
tion showing “a following flow volume change is detected” is
made by use of the amount of flow volume change computed
by the consecutive difference method. A determination show-
ing that “a following flow volume change is not detected” is
made by use of the amount of flow volume change computed
by the standard value difference method. The determination
showing that “a following flow volume change is detected”
and the determination showing that “a following flow volume
change is not detected” are made by use of the mutually-
different methods, whereby a determination can be made by a
method appropriate for determination conditions for each
state. Therefore, accuracy of a determination can be
enhanced.

FIG. 5 shows combinations of a pressure change with a
flow volume change; namely, a combination that provides a
determination showing that a following flow volume change
is detected and another combination that provides a determi-
nation showing that a following flow volume change is not
detected. The determination showing that a following flow
volume change is detected is made in the case of a corre-
sponding combination of phenomena compliant with the con-
secutive difference method shown in FIG. 5(a). The determi-
nation showing that the following flow volume change is not
detected is made when any of combinations of corresponding
phenomena compliant with the standard value difference
method shown in FIG. 5(b) is yielded. Specifically, a deter-
mination showing that a following flow volume change is
detected is made when flow volume has increased in response
to a pressure increase and when flow volume has decreased in
response to a pressure drop.

A method for fixing the determination about the following
of the pressure change by the flow volume change is now
described. FIG. 6 is a view for describing example methods
for fixing a following flow volume change. FIG. 6(a) shows a
threshold value for fixing; FIGS. 6(51-1) and 6(51-2) show
example conditions for a simple fixing method, and FIGS.
6(52-1) and 6(H2-2) are example conditions of a composite
fixing method.

On occasion of a determination about following flow vol-
ume change being made according to the three categories “a
following flow volume change is detected,” “a following flow
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volume change is not detected,” and ““a following flow volume
change is uncertain,” a determination is made by classifying
an amount of flow volume change AQi or Agi following a
pressure change into five categories A to E through use of the
threshold value shown in FIG. 6(a). A range in which the
amount of flow volume change AQi or Aqi is 100 L/h (liter/
hour) or more is determined to be arange A. A range in which
the amount of flow volume change AQi or Aqi varies from 50
to 100 L/h is determined to be a range B. A range in which the
amount of flow volume change AQi or Aqi varies from -50 to
50 L/h is determined to be a range C. A range in which the
amount of flow volume change AQi or Aqi varies from -100
to =50 L/h is determined to be a range D. A range in which the
amount of flow volume change AQi or Aqiis —100 L/h or less
is determined to be a range E. A symbol “~(minus)” prefixed
to the amount of flow volume change shows that a flow
volume change is opposite in direction to a pressure change.
The numerals are mere examples and supposed to be set, as
appropriate, in accordance with a phenomenon of interest.

When a determination showing “a following flow volume
change is detected” is fixed by the simple fixing method, the
determination result is fixed under a determination condition
shown in FIG. 6(b1-1) under the consecutive difference
method. Specifically, when the amount of flow volume
change falls in the range A “m” times or in the range B “n”
times, the result of the determination showing “a following
flow volume change is detected” is fixed. The determination
result is not fixed in other cases.

When the determination showing that a following flow
volume change is not detected is fixed by means of the simple
fixing method, the determination result is fixed under a deter-
mination condition shown in FIG. 6(51-2) under the standard
value difference method. Specifically, when the amount of
flow volume change falls within the range C, the result of the
determination showing that “a following flow volume change
is not detected” is fixed. The determination result is not fixed
in other cases.

When the determination showing that a following flow
volume change is detected is fixed by means of the composite
fixing method, the determination result is made by use of
combinations of determination conditions shown in FIG.
6(52-1). Specifically, the result of the determination showing
“a following flow volume change is detected” is fixed when
the amount of volume change falls within the range A “m”
times and does not fall within any of the ranges C, D, and E or
when the amount of flow volume change falls within the range
B “n” times and does not fall within any of the categories C,
D, and E. The determination result is not fixed in other cases.

When the determination showing that a following flow
volume change does not exit is fixed by means of the com-
posite fixing method, the determination result is fixed by use
of combinations of determination conditions shown in FIG.
6(b2-2). Specifically, when the amount of flow volume
change falls in the range C and does not fall in any of the
ranges A, B, and E or when the amount of change falls in the
range C and does not fall within any of the ranges A and E, the
result of the determination showing that “a following flow
volume change is not detected” is fixed. The determination
result is not fixed in other cases.

They are mere example combinations of determination
conditions employed for the composite fixing method. The
combinations are supposed to be set, as appropriate, accord-
ing to a phenomenon to which the method is applied.

In the simple fixing method shown in FIGS. 6(51-1) and
(b1-2) or the composite fixing method shown in FIGS. 6(52-
1) and (b2-2), a correlation of m<n is present between the
numbers of times the “m” and “n” used as the determination
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conditions. For instance, the number of times “m” and
set, as required, like “m=1 and n=3.”

In relation to the determination showing a following flow
volume change, a predetermined determination period can be
set on, such as a per-minute basis, an hourly basis, or a daily
basis. A determination showing a following flow volume
change can also be made in any of the determination periods,
to thus fix a determination result. Alternatively, the following
flow volume change can also be determined in an arbitrary
period and without defining a particular determination
period, and a result of the determination showing the follow-
ing flow volume change can be fixed at a point in time when
the determination condition is fulfilled by use of any of the
determination conditions for the previously-described fixing
methods. Using such determination methods makes it pos-
sible to make a determination showing the following flow
volume change, as required, according to various conditions,
such as a use environment of a gas, thereby determining a gas
leak, or the like, with superior accuracy.

In order to practice a fluid measurement device and the
fluid measurement method, such as those mentioned above, a
program for letting an unillustrated computer (an arithmetic
unit) perform processing pertaining to respective steps of the
fluid measurement method is stored in the flow volume com-
puting unit 110, the analysis unit 112, the processing unit 114,
and the computer of the gas meter 100. Moreover, a fluid
supply system including a source for supplying fluid, such as
a gas, a monitoring center, and others, also belongs to the
present invention as a fluid supply system using a fluid mea-
surement device, a fluid measurement method, and a program
executed by a computer.

As mentioned above, according to the present embodi-
ment, it is possible to make a determination as to a leak, or the
like, with high accuracy by: analyzing the following of a
pressure change by a flow volume change and making a
determination showing “a following flow volume change is
detected,” “a following flow volume change is not detected,”
or “a following flow volume change is uncertain.” When the
determination shows that a following flow volume change is
detected, a conceivable event pertaining to a state of gas
consumption is that a gas appliance not having a governor,
such as a gas hot plate, is in operation or that a gas is leaking.
Making an appliance determination makes it possible to
detect a leak from a determination showing that a following
flow volume change is detected. On this occasion, a magni-
tude correlation between an amount of pressure change of
predetermined level or more and an amount of flow volume
change is determined, whereby a following flow volume
change is determined according to a range of the amount of
flow volume change. As a result, it is possible to cope with
complicate flow volume and pressure changes occurring in an
actual use environment. Even in measurement data including
complicate waveforms, a following flow volume change can
be determined with high accuracy, so that an accuracy of
determination can be enhanced. Further, a following flow
volume change can be determined by means of simple arith-
metic operation, such as an addition and a subtraction, and
hence load stemming from computation during analysis of a
flow volume can be lessened.

The present patent application is not limited to one
described in connection with the present embodiment. The
present invention is also planned to be susceptible to alter-
ations and applications conceived by those who are skilled in
the art on the basis of the descriptions of the specification and
the well-known technology and falls within a range where
protection is sought.
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The present invention is based on Japanese Patent Appli-
cation (JP-A-2008-058789) filed on Mar. 7, 2008, the entire
subject matter of which is incorporated herein by reference.

INDUSTRIAL APPLICABILITY

The present invention yields an advantage of the ability to
determine a leak, or the like, with superior accuracy from
pressure and a flow volume acquired during use of fluid and is
useful in detection of a leak performed by a flowmeter, such
as a gas meter.

The invention claimed is:

1. A flowmeter comprising:

a flow measurement unit that measures a flow volume of
fluid flowing through a flow path at a given interval to
output flow data;

a pressure measurement unit that measures pressure of the
fluid to output pressure data;

an analysis unit that receives the flow data and the pressure
data and analyzes following of a pressure change by a
flow volume change, that classifies an amount of flow
volume change responsive to an amount of pressure
change of a predetermined level or more into at least
three ranges by means of a first threshold value and a
second threshold value that is smaller than the first
threshold value, and that determines a following flow
volume change according to determination conditions
for the respective ranges of amounts of flow volume
changes, wherein the amount of flow volume change
indicates a difference between a current flow volume
and a past flow volume measured by the flow measure-
ment unit, wherein the past flow volume excludes zero
flow at the beginning of the fluid flowing through the
flow path; and

aprocessing unit that performs corresponding leakage con-
trol of a fluid supply valve according to a determination
of a detected flow volume change performed by the
analysis unit;

wherein the analysis unit determines that the following
flow volume change is detected when the amount of flow
volume change is the first threshold value or more; deter-
mines that the following flow volume change is not
detected when the amount of flow volume change is
equal to or below the second threshold value; and deter-
mines that the following flow volume change is uncer-
tain when the amount of flow volume change ranges
between the first threshold value and the second thresh-
old value.

2. The flowmeter according to claim 1, wherein the analy-
sis unit determines the following flow volume change from
combinations of determination conditions based on the
ranges of amounts of flow volume changes.

3. The flowmeter according to claim 1, wherein the analy-
sis unit determines a category of the following flow volume
change when the amount of flow volume change is repeatedly
classified into a range of a specific amount of flow volume
change a predetermined number of times.

4. The flowmeter according to claim 1, wherein the analy-
sis unit determines a category of the following flow volume
change when the amount of flow volume change is repeatedly
classified into a range of a first specific amount of flow vol-
ume change a predetermined number of times and when the
amount of flow volume change is not classified into a range of
second specific amount of flow volume change.

5. The flowmeter according to claim 1, wherein the analy-
sis unit determines the following flow volume change in a
predetermined determination period.
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6. The flowmeter according to claim 1, wherein the analy-
sis unit determines the following flow volume change without
setting a determination period and fixes the determination of
following flow volume change at a point in time when a
predetermined determination condition is fulfilled.
7. A fluid supply system using the flowmeter defined in
claim 1.
8. A flow volume measurement method comprising:
a flow volume measurement step of measuring a flow vol-
ume of fluid flowing through a flow path at a given
interval to output flow data by use of a flowmeter to
output flow data;
a pressure measurement step of measuring pressure of the
fluid by use of a barometer to output pressure data;
an analysis step of receiving the flow data and the pressure
data and analyzing following of a pressure change by a
flow volume change, classifying an amount of flow vol-
ume change responsive to an amount of pressure change
of a predetermined level or more into at least three
ranges by means of a first threshold value and a second
threshold value that is smaller than the first threshold
value, and determining a following flow volume change
according to determination conditions for the respective
ranges of amounts of flow volume changes, wherein the
amount of flow volume change indicates a difference
between a current flow volume and a past flow volume
measured in the flow volume measurement step,
wherein the past flow volume includes no zero flow at
the beginning of the fluid flowing through the flow path;
and
a processing step of performing corresponding leakage
control of a fluid supply valve according to a determi-
nation of a detected flow volume change performed by
the analysis unit;
wherein the analysis step further comprises:
determining the following flow volume change as
detected when the amount of flow volume change is
the first threshold value or more;

determining the following flow volume change as not
detected when the amount of flow volume change is
equal to or below the second threshold value; and

determining the following flow volume change as uncer-
tain when the amount of flow volume change ranges
between the first threshold value and the second
threshold value.

9. A fluid supply system using the flow volume measure-
ment method defined in claim 8.

10. A flowmeter comprising:

a flow measurement unit that measures a flow volume of
fluid flowing through a flow path at a given interval to
output flow data;

a pressure measurement unit that measures pressure of the
fluid to output pressure data;

an analysis unit that receives the flow data and the pressure
data and analyzes following of a pressure change by a
flow volume change, that classifies an amount of flow
volume change responsive to an amount of pressure
change of a predetermined level or more into at least
three ranges by means of a first threshold value and a
second threshold value that is smaller than the first
threshold value, and that determines a following flow
volume change according to determination conditions
for the respective ranges of amounts of flow volume
changes, wherein the amount of flow volume change
indicates a difference between a current flow volume
and a past flow volume measured by the flow measure-
ment unit; and
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aprocessing unit that performs corresponding leakage con-
trol of a fluid supply valve according to a determination
of a detected flow volume change performed by the
analysis unit;

wherein the analysis unit determines that the following
flow volume change is detected when the amount of flow
volume change is the first threshold value or more; deter-
mines that the following flow volume change is not
detected when the amount of flow volume change is
equal to or below the second threshold value; and deter-
mines that the following flow volume change is uncer-
tain when the amount of flow volume change ranges
between the first threshold value and the second thresh-
old value;

wherein the amount of flow volume change indicates a
difference between the current flow volume and a pre-
ceding flow volume measured by the flow measurement
unit.

11. A flowmeter comprising:

a flow measurement unit that measures a flow volume of
fluid flowing through a flow path at a given interval to
output flow data;

a pressure measurement unit that measures pressure of the
fluid to output pressure data;

an analysis unit that receives the flow data and the pressure
data and analyzes following of a pressure change by a
flow volume change, that classifies an amount of flow
volume change responsive to an amount of pressure
change of a predetermined level or more into at least
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three ranges by means of a first threshold value and a
second threshold value that is smaller than the first
threshold value, and that determines a following flow
volume change according to determination conditions
for the respective ranges of amounts of flow volume
changes, wherein the amount of flow volume change
indicates a difference between a current flow volume
and a past flow volume measured by the flow measure-
ment unit; and

a processing unit that performs corresponding leakage con-
trol of a fluid supply valve according to a determination
of a detected flow volume change performed by the
analysis unit;

wherein the analysis unit determines that the following
flow volume change is detected when the amount of flow
volume change is the first threshold value or more; deter-
mines that the following flow volume change is not
detected when the amount of flow volume change is
equal to or below the second threshold value; and deter-
mines that the following flow volume change is uncer-
tain when the amount of flow volume change ranges
between the first threshold value and the second thresh-
old value;

wherein the amount of flow volume change indicates a
difference between the current flow volume and a fixed
reference flow volume measured at a predetermined tim-
ing by the flow measurement unit.
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